BACKGROUND Severe labour pain is an important risk factor of postpartum depression, and early depression is associated with an increased risk of long-term depression; whereas the use of epidural analgesia during labour decreases the risk of postpartum depression.
Introduction
Postpartum depression is a common psychiatric disorder in parturients after childbirth. 1, 2 It is estimated that nearly 20% of new mothers will experience an episode of major or minor depression during the first 3-month postpartum. 3 Clinical symptoms may include depressed mood, dysphoria, insomnia, anxiety, loss of interest and energy, despair and even recurrent suicide ideation. 2, 4 Postpartum depression is associated with substantial adverse effects not only for parturients themselves, but also for their family and children. 1, 5 Accumulating evidences suggest that maternal depression is related to an increased risk of cognitive and emotional disorders in children during infancy and later childhood. [5] [6] [7] In most cases, postpartum depression occurs within 4 to 6 weeks after childbirth and self-restores after 3 to 6 months. 4, 8 But in some serious or chronic cases, depressive symptoms can last for years. [9] [10] [11] And early depression is associated with an increased risk of developing long-term depression. 9 The cause of postpartum depression is multifactorial. For example, perinatal fluctuation of hormone levels is considered to be one of the underlying mechanisms. 12 Previous history of mental disorder, prenatal depression and anxiety, experience of stressful life events during pregnancy or early puerperium, and low levels of social supports are regarded as important risk factors. 13, 14 In addition, the intense pain during labour is thought to be related to the development of postpartum depression, [15] [16] [17] whereas the use of epidural labour analgesia is associated with a decreased risk of postpartum depression. [16] [17] [18] We hypothesised that the use of neuraxial labour analgesia may also decrease the occurrence of long-term depression, but evidences regarding this topic are still lacking.
The purpose of the current study was to investigate whether the use of neuraxial labour analgesia was associated with a reduced incidence of depression at 2 years after childbirth.
Methods

Study design
This was a multicentre, prospective, longitudinal study. The study protocol was approved by the local Clinical Research Ethics Committees in Peking University First Hospital, Beijing, China [No. 2014 (714) on 30 May 2013 and No. 2016 (1096) on 31 May 2016] and accepted by the participating centres. The study was conducted in Peking University First Hospital (a tertiary general hospital), Beijing Obstetrics and Gynecology Hospital (a tertiary specialised hospital) and Haidian Maternal and Child Health Hospital (a secondary specialised hospital) in Beijing, China. Written informed consents were obtained from all participants prior to data collection.
Patient recruitment
The inclusion criteria were nulliparae with term singleton pregnancy in cephalic presentation who were admitted to the delivery room and planning for vaginal delivery. Exclusion criteria of parturients included the following: age less than 18 years or more than 34 years; a history of psychiatric disease (schizophrenia); contraindications to neuraxial analgesia, such as infectious diseases of the central nervous system (e.g. poliomyelitis, cerebrospinal meningitis, encephalitis), spinal or intraspinal diseases (e.g. trauma or surgery of spinal column, intraspinal canal mass), systematic infectious diseases (e.g. sepsis, bacteraemia), infection of skin or soft tissue at the puncturing site and coagulopathy; or delivery room admission outside daytime working hours (from 5 p.m. to next 8 a.m.).
Collection of baseline data
A standard questionnaire was used for collecting baseline data of parturients at admission in the delivery room. These included sociodemographic variables, medical history before pregnancy (including dysmenorrhea, premenstrual syndrome and internal diseases), history of the current pregnancy (planned pregnancy, routine antenatal care, attendance at childbirth classes, pregnancy complications, smoking or drinking during pregnancy, gestational age, pain and stressful events during pregnancy), as well as data of spouse.
Prenatal depressive symptoms were assessed by using the Edinburgh Postnatal Depression Scale (EPDS). This is a 10-item self-report questionnaire. Each item is graded from 0 to 3 representing the increasing severity of symptoms, resulting a total score from 0 to 30, with higher score indicating more severe depressive symptoms. 19 The satisfaction of marriage was assessed with the ENRICH Marital Satisfaction Scale (EMS, a 10-item questionnaire; the total score ranges from 10 to 50, with a higher score representing a better marital satisfaction). 20 The level of anxiety was assessed with the Zung Self-Rating Anxiety Scale (a 20-item questionnaire; the total score ranges from 25 to 100, with higher score representing higher frequency of anxiety). 21 The degree of social support was assessed with the Social Support Rating Scale (SSRS, a 10-item questionnaire; the total score ranges from 11 to 62, with higher score representing better social support). 22 The Chinese versions of the above instruments have been validated. [22] [23] [24] [25] All assessments were completed by parturients themselves without discussion with their family members.
Conduct of neuraxial labour analgesia
After admission to the delivery room, all participants were provided with information regarding the benefits and potential risks of neuraxial labour analgesia. The decision to receive neuraxial labour analgesia or not, was made by parturients themselves. For those who requested neuraxial analgesia, epidural analgesia (in Peking University First Hospital and Haidian Maternal and Child Health Hospital) or combined spinal-epidural analgesia (in Beijing Obstetrics and Gynecology Hospital) was performed. For those who did not request neuraxial analgesia, standard care was provided including intramuscular meperidine when necessary.
Neuraxial labour analgesia was initiated when the cervix was dilated to 1 cm or more. For epidural analgesia, a loading dose of 10 ml mixture (0.1% ropivacaine and 0.5 mg ml À1 sufentanil) was administered through the epidural catheter. An additional dose of 5 ml mixture was administered 10 min later if the numeric rating scale (NRS, an 11-point scale where 0 ¼ no pain and 10 ¼ the worst pain) pain score remained at least 4. A patientcontrolled epidural analgesia (PCEA) pump was connected 30 min later, which was established with a mixture of 0.1% ropivacaine and 0.5 mg ml À1 sufentanil and programmed to deliver a 6-ml bolus with a 15-min lockout interval. For combined spinal-epidural analgesia, 2 to 3 ml of 0.1% ropivacaine was administered intrathecally. A PCEA pump was connected later, which was established with a mixture of 0.1% ropivacaine and 0.5 mg ml À1 sufentanil, programmed to deliver a 5-ml bolus with a 15min lockout interval and a 5-ml h À1 background infusion. Patient-controlled bolus administration was discontinued at full cervical dilation. The PCEA pump was stopped at the end of delivery.
In case of emergency Caesarean delivery, combined spinal-epidural anaesthesia was performed for those without neuraxial labour analgesia; otherwise, epidural anaesthesia was performed through the indwelling epidural catheter. PCEA was provided for 24 to 48 h after surgery.
Collection of perinatal data
Intrapartum data included the implement of labour induction, use of neuraxial analgesia, duration of labour, the highest body temperature, other medications during labour, mode of delivery, estimated blood loss and occurrence of maternal complications. For parturients who received neuraxial analgesia, the NRS pain scores were assessed before analgesia, at 10 and 30 min after analgesia, and at full cervical dilation. For those who did not receive neuraxial analgesia, the NRS pain scores were assessed at cervical dilation at least 1 cm (i.e. the same time point as those with neuraxial analgesia) and at full cervical dilation. Neonatal data included sex, birth weight, Apgar scores at 1 and 5 min after birth, occurrence of neonatal complications and admission to the neonatal ward.
The first postpartum follow-up was performed at 1 day (20 to 26 h) after childbirth. The mode of baby feeding (breast feeding, mixed feeding or formula feeding) and the NRS pain score were assessed and recorded. The overall perinatal care was assessed by parturients by answering 'I am satisfied with the overall perinatal care' with a five-point scale, that is strongly agree, agree, neutral, disagree and strongly disagree. Those who reported the first two scales were classified as satisfied.
A telephone interview was performed at 6 weeks (42 to 49 days) after childbirth. The presence of postpartum depression was assessed with EPDS. A total score of 10 or higher was defined as the threshold of postpartum depression. 23 Other data including the mode of baby feeding, the NRS pain score, the existence of persistent pain (defined as a NRS pain score !1 that persisted since childbirth) and its impact on daily life (interfered with walking, mood, sleep or concentration, as judged by parturients themselves), the primary caregiver within 6-week postpartum and other health related problems were recorded.
Follow-up at 2 years after childbirth 2-Year follow-ups were performed through face-to-face interviews from 23 to 24 months after childbirth. Maternal data including BMI, new-onset diseases after childbirth, any surgical procedures after childbirth, development of chronic pain (persistent or recurrent pain lasting for more than 3 months) and its impact on daily life (interfered with walking, mood, sleep or concentration, as judged by parturients themselves), duration of breast-feeding and another childbirth were collected. Children's data including any congenital and/or acquired diseases that required therapy during the 2-year period were recorded. The presence of depression was assessed with EPDS. 2-Year depression was defined when the EPDS score was at least 10 at 2 years after childbirth. The level of social support was assessed with SSRS. The primary endpoint was the presence of depression at 2 years after the previous childbirth.
Statistical analysis
Sample size estimation
In previous studies, the reported incidence of depression at 2 years after childbirth varied from 14 to 21%. 11, 26 We assumed that the incidence of 2-year depression would be 17% in women without neuraxial labour analgesia. Currently, there are no data regarding the incidence of longterm depression in women who received neuraxial analgesia during labour. However, use of epidural analgesia was associated with a 59.5% decrease (decreased from 34.6 to 14.0%) of postpartum depression at 6 weeks after childbirth. 16 We conservatively assumed that the incidence of 2-year depression would be decreased by 50% in women with neuraxial analgesia. With the power set at 80% and the two-sided significance level set at 0.05, 482 parturients were required. Sample size calculation was performed with the PASS 11.0 software (NCSS; LLC, Kaysville, Utah, USA).
Data analysis
All enrolled women were divided into two groups, that is, those who received neuraxial labour analgesia and those who did not. Continuous variables with normal distribution were analysed using independent samples t test. Continuous variables with nonnormal distribution were analysed using Mann-Whitney U test. Categorical variables were analysed using x 2 test or Fisher's exact test. Univariate logistic regression analyses were performed to screen variables that might be associated with the occurrence of 2-year depression. Independent variables with P less than 0.15 were included in a multivariate logistic regression model to determine the risk adjusted association between the use of neuraxial labour analgesia and the development of 2-year depression with a backward stepwise procedure (likelihood ratio). Missing data were not replaced. Two-tailed P values less than 0.05 were considered to be of statistical significance. SPSS 25.0 software (IBM Corporation, Armonk, New York, USA) was used for statistical analyses.
Results
Participants From 1 August 2014 to 29 May 2015, 793 parturients were identified eligible and 599 were recruited after obtaining written informed consents. Of these, 577 completed both 1-day and 6-week follow-up (17 refused follow-up and five were lost to follow-up) and were contacted at 2 years after childbirth. During the 2-year follow-up period, 41 refused follow-up and 28 were lost to follow-up. At last, 508 parturients completed the 2-year follow-up and were included in the final analysis ( Fig. 1 ). Two-year follow-up was performed from 9 July 2016 to 25 April 2017. There were no significant differences regarding baseline variables between parturients who were enrolled and not enrolled in the study (Supplemental Digital Content 1, http://links.lww.com/EJA/A213), and between those who completed and did not completed the 2-year follow-up (Supplemental Digital Content 2, http://links.lww.com/ EJA/A213).
Baseline and perinatal data
Of the 508 parturients who completed 2-year follow-up, 368 (72.4%) received neuraxial labour analgesia and 140 (27.6%) did not. When compared with parturients who did not receive neuraxial analgesia, those who received analgesia had higher attendance at childbirth classes (P ¼ 0.015), lower rate of induced labour (P ¼ 0.002), lower NRS pain score at 10-cm cervical dilation (P < 0.001), higher percentage of intrapartum fever (!37.5 8C; P ¼ 0.003), longer duration of the first and second stages of labour (both P < 0.001), lower incidence of Caesarean delivery (and higher incidence of spontaneous and instrumental delivery; P < 0.001), higher proportion of 1-day breast-feeding (P ¼ 0.015), lower NRS pain score at 1-day postpartum (P ¼ 0.014; the percentage of NRS ! 4 was also lower, P ¼ 0.002) and lower percentage of postpartum depression at 6 weeks (P ¼ 0.002) ( Tables  1 and 2) .
Results of 2-year follow-up
Of all parturients included in final analysis, 9.1% (46/508) had 2-year depression, and 2.8% (14/508) had depression at both 6 weeks and 2 years. The EPDS score at 2 years was lower in women who received neuraxial labour analgesia than in those who did not ( [12/140] , P < 0.001) were also lower in women who received neuraxial labour analgesia than in those who did not (Table 3) .
Association between neuraxial labour analgesia and 2-year depression
Apart from neuraxial labour analgesia, univariate analyses identified 15 other variables with P values less than 0.15, including internal diseases before pregnancy, attendance at childbirth classes, antenatal EPDS score, antenatal EMS score, induced labour, duration of first-stage labour, use of oxytocin during labour, lateral episiotomy during delivery, mode of delivery, EPDS score at 6 weeks, newonset maternal diseases after childbirth, surgical procedure of mother after childbirth, chronic pain affecting daily life at 2 years, duration of breast-feeding and 2-year SSRS score (Supplemental Digital Content 3, http:// links.lww.com/EJA/A213). Of these, duration of firststage labour was excluded because of significant correlation with neuraxial analgesia. Other 15 variables were included in a multivariate regression model.
After adjusting for confounding factors, the use of neuraxial labour analgesia was significantly associated with a decreased risk of 2-year depression [odds ratio (OR) 0.455, 95% confidence interval (CI) 0.230 to 0.898, P ¼ 0.023]. Among other factors, internal diseases before pregnancy (OR 2.792, 95% CI 1.050 to 7.425, P ¼ 0.040) and chronic pain affecting daily life at 2-year postpartum (OR 5.545, 95% CI 2.369 to 12.980, P < 0.001) were associated with an increased risk, whereas long duration of breast-feeding (OR 0.933, 95% CI 0.888 to 0.980, P ¼ 0.006) and a high 2-year SSRS score (OR 0.858, 95% CI 0.797 to 0.924, P < 0.001) were associated with a decreased risk of 2-year depression ( Table 4 ).
Discussion
Our results showed that, in nulliparous women after childbirth, 9.1% suffered from depression at 2 years and 2.8% suffered from depression at both 6 weeks and 2 years. After correction for confounding factors, the use of neuraxial analgesia during labour was significantly associated with a decreased risk of 2-year depression. Women who received neuraxial labour analgesia also had a lower prevalence of depression at both 6 weeks and 2 years.
As defined, postpartum depression usually occurs within 4 to 6 weeks after childbirth and self-restores after 3 to 6 months. 4, 8 However, recent studies revealed that perinatal depressive symptoms can last longer. For example, in a longitudinal study of 1735 women followed up from pregnancy to 2-year postpartum, 7% had chronic depressive symptoms and 7% had late onset depressive symptoms. 26 In another study of 579 women followed up until 2-year postpartum, 21% had persistent depressive symptoms and 3% had persistent highly intense depressive symptoms. 11 Similar results were reported by longitudinal studies for a longer period (until 5 to 7-year postpartum), which found that 5 to 16% of women experienced persistent high depressive symptoms and 4.9% had high depressive symptoms in the late period. 10, 27 Results of the current study are within the range of the previous reports.
For most women, childbirth is one of the most painful events during their life. 28 The intense labour pain can lead to adverse outcomes including psychological trauma and postpartum depression. 29, 30 On the other hand, neuraxial labour analgesia may reduce the occurrence of postpartum depression. For example, Hiltunen et al. 15 reported a lower depressive score in mothers who Neuraxial analgesia and long-term depression 749 received epidural or paracervical blockade during vaginal delivery immediately after childbirth, but not that at 4 months. In a prospective cohort study of 214 parturients preparing to give vaginal delivery, Ding et al. 16 found that the use of epidural labour analgesia was associated with a decreased risk of postpartum depression at 6 weeks. A later case-control study revealed that no epidural analgesia during labour was associated with an increased risk Scale, score range 0 to 30, with higher score indicating more severe depression. l ENRICH Marital Satisfaction Scale, score range 10 to 50, with higher score indicating higher satisfaction of marriage. m Zung Self-Rating Anxiety Scale, score range 25 to 100, with higher score indicating higher frequency of anxiety. n Social Support Rating Scale, score range 11 to 62, with higher score indicating better social support.
of depression development at 4 to 8-week postpartum. 17 In accordance with the above studies, results in the current study also showed a lower incidence of postpartum depression (at 6 weeks) in parturients with neuraxial analgesia than in those without. More importantly, we found that the use of neuraxial labour analgesia was significantly associated with a decreased risk of 2-year depression; and those who received neuraxial analgesia also had a lower percentage of depression at both 6 weeks and 2 years. To our knowledge, this is the first study to report that the use of neuraxial labour analgesia may have effects on mothers' long-term mental health after Neuraxial analgesia and long-term depression 751 Before analgesia 8 (7 to 9) 8 (7 to 9) 8 (7 to 9) 0.242 10 min after analgesia c À 4 (2 to 5) À À 30 min after analgesia c À 2 (1 to 3) À À At 10-cm cervical dilation d 6 (5 to 9) 6 (5 to 7) 9 (9 to 10) <0.001 Highest temperature during labour !37. Data are presented as mean AE SD, number (%) or median (interquartile range). NRS, numeric rating scale; EPDS, Edinburgh Postnatal Depression Scale. a Labour induced with vaginal prostaglandin and intravenous oxytocin in women without uterine contraction or other signs of labour commencement at or over 41 weeks of pregnancy. b Numeric rating scale, an 11-point scale from 0 to 10, where 0 ¼ no pain and 10 ¼ the worst pain. c Data were only evaluated in parturients who received neuraxial labour analgesia. d Excluded those (n¼100) who underwent emergency Caesarean delivery before the cervix dilated to 10 cm. e Excluded those who underwent Caesarean delivery. f Defined as the second-stage labour duration more than 120 min. g Neonates were admitted to neonatal ward because of foetal distress/asphyxia, aspiration pneumonia, premature birth/low-birth weight, glucopenia, jaundice/hyperbilirubinemia, infection, convulsion and anal atresia. h Question asked was 'I am satisfied with the overall perinatal care', which was assessed with a five-point scale, that is strongly agree, agree, neutral, disagree, and strongly disagree. Those who reported the first two scales were classified as satisfied. i Defined as NRS pain score at least 1 that persisted since childbirth, including pain in pelvis, low back, incision and perineum. j Defined as persistent pain that interfered daily life activities including walking, mood, sleep or concentration, as judged by parturients themselves. k Edinburgh Postnatal Depression Scale, score range 0 to 30, with higher score indicating more severe depression. l Defined as EPDS score at least 10 at 6 weeks postpartum.
childbirth. Reasons leading to less 2-year depression in parturients with neuraxial labour analgesia are not totally clear but may include the following. First, the use of neuraxial labour analgesia might have decreased the risk of early postpartum depression. 16, 17 It was found that early depression is an important risk factor for the development of long-term depression. 9 Second, the use of epidural labour analgesia might have lowered the risk of long-term negative memory. 31, 32 As reported, such memory can evoke intense negative emotions and reactions in some women. 32, 33 752 Liu et al. In the current study, it is interesting to note that women with induced labour received less neuraxial analgesia than in those without (105/165 [63.6%] vs. 263/343 [76.7%], P ¼ 0.002). This might be due to the worry of parturients on the potential unfavourable effects of neuraxial analgesia, including prolonged labour, increased requirement of oxytocin and increased risks of instrumental delivery. [34] [35] [36] Further analysis of our results showed that, when compared with women without labour induction and neuraxial analgesia, those with one or two of these factors (i.e. labour induction and no neuraxial analgesia) were both at an increased risk of 2-year depression (with one factor: unadjusted OR 2.867, 95% CI 1.419 to 5.793, P ¼ 0.003; with two factors: unadjusted OR 3.394, 95% CI 1.377 to 8.361, P ¼ 0.008). Therefore, it might be proper to encourage women with induced labour to consider neuraxial analgesia. Further studies are necessary to explore this issue.
The presence of chronic disease is associated with an increased risk of depressive disorders. 37, 38 Chronic diseases may also affect women's mental health during the perinatal period. For example, in observational studies, it was found that women with more than one chronic health problem or medical complications were at an increased risk of developing postpartum depression. 39, 40 It should be noted that, in these studies, depression was assessed during the early postpartum period (up to 6 months). In the current study, we found that internal diseases before pregnancy was also associated with an increased risk of depression at 2 years after childbirth. Chronic pain, defined as any persistent or recurrent pain lasting for more than 3 months, 41 is common in women after childbirth 42, 43 and is an important risk factor of postpartum depression. 44, 45 In women of the current study, chronic pain affecting daily life was also an independent risk factor of 2-year depression.
As the best nutrition for infants, exclusive breastfeeding is recommended during the first 6 months after birth. 46 Furthermore, breastfeeding is also important for mothers' mental health. There is a reciprocal relationship between breastfeeding cessation and postpartum depression, that is, women with depression at 8-week postpartum tend to stop breastfeeding early 47 ; and early breastfeeding cessation is an important risk factor for increased depression at 6 months after delivery. 48 On the other hand, continued breast-feeding is associated with a decreased risk of postpartum depression. [16] [17] [18] Results of the current study showed that a long duration of breast-feeding was significantly associated with a decreased risk of 2-year depression. Social support, including the emotional, practical and financial assistance or companionship from others, is very important for new mothers. 49 High level of social support provides preventive effects against depression development, whereas inadequate social support is associated with higher odds of depression. [49] [50] [51] Consistent with these results, the current study also showed that a higher SSRS score at 2 years was a protective factor for the development of 2-year depression.
There are several limitations of the current study. First, only nulliparae with single cephalic term pregnancy planning for vaginal delivery were included in the current study. This limited the generalisability of our results. Second, maternal depression was not diagnosed by psychiatrists. However, as a screening instrument, the EPDS is the most extensively studied one with moderate psychometric soundness for nonpsychiatric health team members. 52 Third, as an observational study, the causal relationship between the use of neuraxial analgesia during labour and the reduced depression at 2 years after childbirth cannot be established. However, our results provide an important indication that the use of neuraxial labour analgesia may have long-term effects on mothers' mental health after childbirth.
In conclusion, for nulliparous women with single cephalic term pregnancies planning vaginal delivery, use of neuraxial analgesia during labour was significantly associated with a decreased risk of depression at 2 years after childbirth. Long-term effects of neuraxial labour analgesia on maternal mental health deserve further study.
